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List and summary of Papers

This PhD-thesis consists of the following synopsis and the 3 papers listed below:

Paper 1 Fossen, I., Cotton, C. F., Bergstad, O. A. and Dyb, J. E. (Submitted).
Species composition and distribution patterns of fishes captured by
longlines on the mid-Atlantic Ridge. Submitted to Deep Sea Research
.

During the 2004 MAR-ECO expedition to the Mid-Atlantic Ridge the M/S Loran deployed longlines
and caught a total of 8518 fish, representing 40 species and 17 families. The 59 longline sets were
distributed across the ridge axis at depths ranging from 400 to 4300 m within two sub-areas i.e. just

north of the Azores archipelago and in the Charlie-Gibbs Fracture Zone (CGFZ).

Overall, chondrichthyans dominated the catches and contributed nearly 60 % in terms of both weight
and numbers. This was mainly due to the dominance of Etmopterus princeps in both sub-areas.
Multidimensional scaling using species-by-station data indicated an assemblage distribution related
primarily to factors varying by depth and latitude. Grouping patterns of stations were not very
pronounced, suggesting a gradual spatial change rather than abrupt changes in species composition

by depth or latitude.

Catch rates peaked at the shallower stations in the CGFZ sub-area, and generally decreased with
depth. Relatively large individuals dominated, and the overall mean weight was 2.4 kg. Average fish
weight was lower in the CGFZ sub-area than in the southern sub-area. No depth-related pattern was

found.

Paper 2 Fossen, I. and Bergstad, O. A. 2006. Distribution and biology of blue
hake, Antimora rostrata (Pisces: Moridae), along the mid-Atlantic
Ridge and off Greenland. Fisheries Research. 82: 19-29.

Data on Antimora rostrata are presented from 42°N on the mid-Atlantic Ridge to approximately
65°N on the slope off West and East Greenland, a north-south range of approximately 1400 nm
(~2600 km). The species occurred in the depth interval 669-3059 m in trawl and longline
experiments that sampled the depth range 450-4300 m. Length frequencies indicated both latitudinal

and depth-related variation. Around Greenland small specimens occurred at shallower depths (<1000



m) while larger specimens were more frequent deeper than 1000 m. Abundance peaked between
1200 and 2700 m with generally low or no catches shallower and deeper. Sagittal otoliths were
examined for 302 specimens, and zonation patterns in transverse sections suggested the existence of
annuli. Counts of presumed annuli indicated a maximum age of 25 years, and length-at-age indicated
linear growth within the age range sampled. Females grow larger than males and seem to live longer.
Estimates of natural mortality varied from 0.11 to 0.25. Estimates of growth and mortality rates

correspond to those that might be expected in virgin populations.

Paper 3 Fossen, I. and Gordon, J. D. M. (Submitted). Frequency distributions of
fish length, otolith weight, and interpretation of zone pattern in otoliths
as means of estimating age of blue hake, Antimora rostrata. Submitted

to Fisheries Research.

Frequency distributions of fish length and otolith weight were analysed and compared with
interpretations of zonation patterns in otoliths. The objective was to compare these techniques and
methods with the purpose of achieving the most reliable age estimates of the deep-sea morid fish,
Antimora rostrata. Material was collected during several surveys within the central and eastern part
of the North Atlantic Ocean.

Frequency distributions of fish length and otolith weight comprised a number of modes, suggesting
groups of specimens of similar size and age. A higher number of modes, which were easier to
separate, were found in frequency distributions of otolith weight compared to total fish length. In
general, however, the two measures reflected a similar mode pattern. When distributions were
divided by sex the modes became clearer, suggesting sexual dimorphism. Distances between modes
were consistent and corresponded to what might be expected based on interpretations of the zonation

pattern observed in the otoliths.

Assuming the patterns of zonation in the otoliths reflect the true age, the growth rate of A. rostrata
was relatively constant with age for both otolith weight and fish length within the length range
investigated. Growth rates of otolith and fish corresponded to approximately 25 mg/y and 4 cm/y
respectively. The results imply that reliable age estimation of the relatively long lived deepwater A.
rostrata might be within reach by the use of objective and cost effective methods. The results suggest
that more work should be directed towards using frequency distributions, especially otolith weight,

for direct age determination of fish stocks in general.



Summary

The study seeks to increase our knowledge on deepwater demersal fish assemblages
and the biological adaptations of Antimora rostrata. This widespread deep-living
demersal teleost is essentially used as an example species. Managing deepwater
resources and communities is especially difficult since our knowledge of the
community structure, ecology and biology of individual species is limited, and
fishery independent information is scarce. In this account focus is directed towards
the use of longlines in describing deepwater assemblages. New information on the
biology of A. rostrata is presented, and experimental and alternative ageing methods
are explored. The study was an element of MAR-ECO, a field project of the Census
of Marine Life (www.coml.org), studying the diversity and biology of biota along the
mid-Atlantic Ridge (MAR).

As part of the 2004 MAR-ECO expedition to the mid-Atlantic Ridge, the chartered
Norwegian fishing vessel M/S Loran deployed longline sets across the ridge axis,
sampling a depth range of about 4000 m. Overall, chondrichthyans dominated the
catches on the MAR and contributed nearly 60% in terms of weight and numbers.
Multivariate analysis (MDS) using species-by-station data indicated an assemblage
distribution that related primarily to factors varying by depth and latitude. Grouping
patterns of stations were not very pronounced, suggesting a gradual rather than abrupt
change in species composition by depth or latitude. Catch rates peaked at the
shallower stations in the Charlie-Gibbs Fracture Zone (CGFZ), and generally
decreased with depth. Relatively large individuals dominated, and the overall mean
weight was 2.4 kg. Average fish weight was higher in the sub-area sampled just north
of the Azores archipelago than in the CGFZ sub-area. No depth-related pattern of
individual fish size was found. The findings suggest that the use of longline is a
valuable and possibly necessary tool for describing the larger scavenging fish

assemblages on rough bottom at greater depths.


http://www.coml.org/

Among the many different species caught frequently on longlines A. rostrata was
analysed in more detail. Additional data from MAR, off Greenland and the British
Isles were included, and used to exemplify adaptations of a deepwater species with
respect to distribution and life history traits. Data on A. rostrata are presented from
42°N on the MAR to 65°N on the slope off West and East Greenland, along a north-
south range of approximately 1400 nm (~2600 km). The species occurred in the
depth interval 670-3060 m in trawl and longline experiments sampling the depth
range 400-4300 m. Length frequencies indicated both latitudinal and depth-related
variation. Along the ridge abundance peaked between 1200 and 2700 m with

generally low or no catches outside this range.

Examination of growth patterns in transverse sections of otoliths suggested a strong
cyclic zonation pattern in A. rostrata. Similarly, frequency distributions of fish length
and otolith weight showed a number of modes, suggesting groups of specimens of
similar size and age. Distances between modes were consistent and corresponded to
what was expected based on the interpretation of the zonation pattern in otoliths.
Assuming that the otolith growth zones counted represent annuli and that unbiased
age readings was achieved, the growth of A. rostrata seemed linear with age for both
otolith weight and fish length within the length range investigated. This corresponded
to approximately 25 mg/y and 4 cml/y respectively. The oldest fish recorded was
about 25 years old and sexual growth dimorphism, where females grow larger, older,
and possibly faster, was suggested. The results indicate that more attention should be
directed towards using frequency distributions, especially of otolith weight, for
deriving information on age structure and population growth data for certain fish
stocks. For A. rostrata, and many other deepwater species, greater efforts should be

made to validate age determination methods.



Introduction

Exploration of the deep-sea started with pioneer efforts such as the Challenger
expedition (1872-76) (Murray, 1895), and the Michael Sars expedition (1910)
(Murray and Hjort, 1912). The early expeditions substantially increased our
understanding of the deep ocean environment and discovered specially adapted and
diverse creatures from an environment previously thought to be uninhabitable. Even
today our knowledge about deepwater fishes is limited. A good indication of this is
that a number of new macrofaunal species, even demersal fishes, were found during
the 2004 MAR-ECO expedition. Of the demersal fishes caught by bottom trawl and

longline, about 20% were new records for the area (Bergstad et al., 2007).

The average depth of the world’s oceans is approximately 3800 m (Angel, 1997). The
depth where the mesopelagic zone ends and the last traces of light fade away is often
used to mark the upper limit of the deepwater, usually at about 1000 m depth
(Haedrich, 1997). This vast deep ocean environment where our knowledge and
understanding fades with increasing depth is by far the largest habitat on the planet
(Angel, 1997; Haedrich, 1997). Although traditional commercial fisheries seldom
extend deeper than 400-500 m, deepwater fisheries do in some slope waters operate
to 1500 or even 2000 m. It is the latter fisheries that are regarded by e.g. the
International Council for the Exploration of the Sea (ICES, 2006a) as true deepwater
fisheries exploiting species and communities inhabiting slope and deep bank areas,
including seamounts. Much of the deepwater is however not exposed to fishing.
Nonetheless international fisheries management requires scientific information on
which to base conservation actions, especially targeting slope and seamount fisheries
(Large et al., 2003; Large & Bergstad, 2005; Punt, 2005; Morato et al., 2006).

Despite increased attention and research in deepwater in recent years, a lack of
various information on fisheries, biology and ecology still exists (Gordon, 2005;
Large & Bergstad, 2005; Punt, 2005; ICES, 2006a). This is particularly the case for

fisheries independent data since most regular surveys are directed towards the more



traditional shelf fisheries. Scientific surveys are often necessary for collecting
biological samples to determine size structure, sex and maturity composition, and to
collect hard structures for age determination. This information and relevant material
is often difficult to obtain from landings. Also, data on distribution and occurrence of
species outside the most productive waters is valuable information that can normally
only be obtained from scientific surveys. Enhanced knowledge is thus in demand by
advisory bodies and fisheries management (Gordon, 2005; Large & Bergstad, 2005;
Punt, 2005; ICES, 2006a).

Deepwater fisheries:

Due to the volume of the deepwater, large standing stocks of both mesopelagic and
demersal fish species are found there (Gjogsater & Kawaguchi, 1980; Merrett &
Haedrich, 1997), but the concentrations are generally low. Fisheries often target
aggregation areas such as seamounts and slope waters below productive surface
waters. Target resources are in some such waters already fully utilized or even
depleted, but there is likely to be *“undiscovered” resources that might become
targeted if found valuable (Merrett & Haedrich, 1997; Garibaldi & Limongelli,
2002). The steady improvements of gears facilitate an increasing efficiency for
vessels targeting deepwater resources (Gordon et al., 2003; Morato et al., 2006).
Deepwater fisheries started early in the northeast Atlantic (Bergstad & Hareide, 1996;
Gordon et al., 2003). Today commercial utilization of resources at depths below 500
m occur in most oceans, e.g. fisheries of Patagonian tooth fish (Dissostichus
eleginoides) in the southern hemisphere, orange roughy (Hoplostethus atlanticus) on
seamounts and slope areas in several oceans, and roundnose grenadier
(Coryphaenoides rupestris) in the North Atlantic. A description of current trends in
the northeast Atlantic deepwater fisheries is found in Gordon et al. (2003) and Large
and Bergstad (2005).
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Most deepwater operations are multi species fisheries for demersal species, ranging
from being artisan to highly mechanized (Gordon et al., 2003; Large and Bergstad,
2005). Often, just a portion of the species caught is of commercial value, and a
number of species are discarded (Allain et al., 2003; Gordon, 2003). This is of great
concern to management as a complete overview of the catch compositions is missing

and possible changes in assemblage structure are therefore not detected.

Experiences from deepwater fisheries frequently show a quick decline in abundance
and even depletion of populations (Koslow et al., 2000; Boyer et al., 2001). Many
deepwater fish species and assemblages appear particularly susceptible to
overexploitation due to generally slow growth and extensive longevities, often
combined with a tendency of many target species to aggregate into easily captured
concentrations (Merrett & Haedrich, 1997; Koslow et al., 2000; Haedrich et al.,
2001; Clarke et al., 2003; Morato et al., 2006). ICES considers most deepwater
species in the northeast Atlantic to be overexploited or even depleted. The state of the
stocks may also be uncertain due to lack of information to make reliable abundance
estimates and assessments, in accordance with the precautionary principle (Large et
al., 2003; Large & Bergstad, 2005; ICES, 2006a). Even resources on the mid-Atlantic
Ridge has already depleted, at least local concentrations of redfish (Sebastes marinus)
and possibly alfonsino (Beryx splendens) (Hareide & Garnes, 2001; ICES, 2006a).
Sustainable management of the deepwater resources is a growing international issue,
and the science community is asked for improved assessments based on knowledge
and reliable data (Merrett & Haedrich, 1997; Myers & Worm, 2003; Large &
Bergstad, 2005; Punt, 2005).

Deepwater assemblages:

Historical data from shelf and coastal waters have shown that increased fishing
activity may alter fish assemblages by reducing both average size and longevity
(Rogers & Ellis, 2000; Christensen et al., 2003; Daan et al., 2005). Assemblages are
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affected by changes in both biological parameters of individual populations and
through changes in species composition (Jennings et al., 1999; Rogers & Ellis, 2000;
Piet & Jennings, 2005). Hence information on assemblage structures and distribution
patterns is valuable for the future management of deepwater fisheries, including those
conducted on oceanic ridges (Jennings et al., 1999; Large & Bergstad, 2005; Frid et
al., 2006; ICES, 2006a; ICES, 2006b).

Previous studies have shown that mid-ocean ridges have a comparatively diverse
demersal fish fauna (Parin, 1980; Troyanovsky and Lisovsky, 1995; Vinnichenko,
1998; Thomsen, 1998; Hareide and Garnes, 2001; Magnusson and Magnusson, 1995;
Bergstad et al., 2007), but few scientific investigations using advanced technology
are reported. Most mid-ocean ridges are rocky and rugged, and sampling near or at
the seabed represent a risk of gear damage or loss. Obstacles to sampling have thus
limited studies on mid-ocean ridges, and therefore the understanding of the species
composition, abundance, distribution patterns and factors influencing habitat use by

ridge-associated fish remains limited.

Studies describing the structure of deepwater assemblage have mostly been
conducted with trawl nets that typically undersample the larger predators and
scavengers (Jergensen, 1995; Gordon et al., 2003; Clarke et al., 2005). In a few
occasions longlines have been used, particularly on seamounts and island slopes
(Uiblein et al., 1998; Uiblein et al., 1999; Hareide and Garnes, 2001). The sampling
onboard the commercial longliner M/S Loran during the MAR-ECO expedition
provided a rare chance to target these larger animals and to sample a rugged terrain
on hard substrate with state of the art longline equipment. In this study both data from
trawl and longline gear was included. The marked difference in gear selective
parameters allowed a broader sampling of size groups and fish species (Fern6 &
Olsen, 1994; Merrett & Haedrich, 1997; Paper 1, 2).
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Deepwater Biology and Antimora rostrata:

Antimora rostrata, often referred to as blue hake, belongs to the gadiform family
Moridae. The Genus Antimora currently comprises only two species with A.
microlepis restricted to the North Pacific, and A. rostrata occurring in all other
oceans from 62°S to 62°N (Small, 1981; Turnov, 1992). Previous records of
occurrence are from 200 to 3000 m, but abundance seems generally to peak at depths
>1400 m (Wenner & Musick, 1977; Gordon & Duncan, 1985a; Kulka et al., 2003).
A. rostrata was frequently caught in both trawl and longline catches, and particular
focus was placed on this species due to data availability and a general lack of
knowledge, especially from the gears and from the areas targeted in this study (see
also Kulka et al., 2003).

Blue hake, Antimora rostrata, frequently caught in both trawl and on longlines along the MAR.

A. rostrata is not targeted by direct fisheries and no assessment of the resource is
carried out anywhere at present. However, several fishing companies have considered
A. rostrata as potentially interesting due to its wide occurrence and landings of minor
quantities were reported (FAO, 2007). A number of assessment methods are used for
deepwater fish populations, varying mainly depending on the data available for the
different species or stocks. A description of some methods is outside the scope of this

study but an overview of the current stock assessment methods used for deepwater
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species in the NE-Atlantic is reported by Large et al. (2003) and Large & Bergstad
(2005).

The aim of stock assessment is to be able to describe the present state of the
population, its dynamics, and to predict the implications a given fishery might have
on a population or ecosystem. Knowledge on growth and recruitment processes is a
key to predicting future stock levels in the short and medium term. As both processes
are measured as rates, an indication of time and preferably age becomes necessary.
Similarly, all studies of basic life history traits in fish populations depend on
knowledge on age (Stearns and Crandall, 1984; Wootton, 1990; Begg et al., 1999).
Such descriptive studies are prerequisites for understanding the dynamic of any fish
population, and essential for a better understanding of the dynamics of deepwater fish
assemblages (Gordon, 2003; Large & Bergstad, 2005).

Magnusson (2001) noted the problem of estimating the age of Antimora rostrata
from zonation patterns in sagittal otoliths. However, studies suggest that annual
growth and recruitment patterns are common among deepwater fishes (Bergstad,
1995; Haedrich, 1997; Morales-Nin, 2001; Swan & Gordon, 2001; Gordon, 2003)
and as such encourage further studies of A. rostrata also due to its expected central
position within assemblages covering its main depth distribution (Wenner & Musick,
1977; Gordon & Duncan, 1985a; Magnusson, 2001; Kulka et al., 2003).

Since proper validation of age determination of deepwater species is complicated, age
determination is often not carried out or yield uncertain and perhaps biased results. In
shallower areas validation is achieved through mark and recaptures studies or semi-
validations through changes in marginal zones in otoliths throughout the year
(Campana, 2001). Species brought to the surface from greater depths will normally
not survive and combined with limited availability of samples throughout the year
makes similar validation studies difficult for deepwater species. Alternative
validation method exists through otolith radiometric ageing. The method has been
used for age validation of several deepwater species, and involves several

assumptions and uncertainties (Bergstad, 1995; Andrews et al., 1999; Gauldie &
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Cremer, 2000; Francis, 2003; Gordon, 2005). Radiometric validation was not included

for A. rostrata in this study due to limited resources.

This study investigates different methods for age determination, also the possibility
of reaching an age distribution of the population directly from frequency distributions
of e.g. otolith weights rather than estimating this from the age of individual
specimens. The well documented proportionality between otolith size, fish size, and
age has resulted in several studies that aim to achieve a more cost effective and
standardized ageing procedure (Boehlert, 1985; Worthington et al., 1995b; Cardinale
et al., 2000). Some studies of otolith weight have shown that it might provide an
alternative ageing method to the interpretation of zonation pattern in otoliths
(Worthington et al., 1995a; Cardinale et al., 2000; Campana, 2001; Dougall, 2004;
Francis and Campana, 2004; Pino et al., 2004). In a wider perspective a direct ageing
of fish populations through frequency distributions might suggest an alternative for
routine age determination of fish populations in general (Francis and Campana,
2004).

Few comparisons of age composition derived from frequency distributions of e.g.
otolith weights and those from growth zone counts of individual fish have previously
been carried out. Reaching similar periodical pattern within the different methods
imply that this pattern might be caused by the same distinct and influential factors.
The existence of such factors within the deepwater assemblages might form the bases

for age estimation of A. rostrata and other deepwater species.

This study was an element of MAR-ECO, a field project of the Census of Marine
Life (www.coml.org). Among the goals for the MAR-ECO project is to enhance the

basic knowledge of ocean life and thereby contribute to a sustainable management of
marine resources (Bergstad & Godg, 2002). In this particular study the focus is upon
fish assemblages along the mid-Atlantic Ridge (MAR), Antimora rostrata and
biological adaptations with a special reference to the central position age

determination has for understanding life history traits.


http://www.coml.org/
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Scope and scientific approach

The goal is to enhance basic scientific understanding of deepwater fish assemblages,
which in the future can provide input to advisory processes. Paper 1 focuses on
community structures and Paper 2 and 3 focus on distribution, occurrence and
biological parameters (Paper 2) relative to age (Paper 2, 3). In the latter papers, A.
rostrata was used as an example species. Below is a brief description of scope and

scientific approach of the separate papers.

Paper 1: Species composition and distribution patterns of fishes captured by

longlines on the mid-Atlantic Ridge.

Based solely on longline catches, the aim was to analyse and describe assemblage
structures and distribution patterns of demersal fishes in relation to topography,

depth, and latitude.

Paper 2: Distribution and biology of blue hake, Antimora rostrata (Pisces:

Moridae), along the mid-Atlantic Ridge and off Greenland.

Data of A. rostrata was compiled and analysed with focus on occurrence and
abundance from a wider geographical area and depth range than previously covered.
The study aims at providing a first indication of longevity, growth, and mortality of

the A. rostrata population.

Paper 3: Frequency distributions of fish length, otolith weight, and interpretation

of zone pattern in otoliths as means to age blue hake, Antimora rostrata.

Data was compiled in the search of a reliable ageing method through analysis of
frequency distributions of fish length and otolith weight. The results were compared
to interpretation of zonation pattern from transverse sections of otoliths. As a
comprehensive validation was not possible, an important objective was to indicate

possible directions for later ageing studies both for A. rostrata and teleosts in general.
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Study area

The areas focused on in this study are the deepwater slopes in the central and eastern

North Atlantic, especially the mid-Atlantic Ridge between Iceland and the Azores

(Figure 1). Additional data from trawl and longline surveys off the eastern and

western side of Greenland northwards to about 65°N were included together with

data from 14 trawl surveys sampled over a 27 year time period from west of the U.K.

are presented (Figure 1).
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Figure 1 Map showing the sampling areas (shaded) used in this study. Both longline and trawl data

were available from the sub-area just north of the Azores archipelago (NAA), the Charlie
Gibbs fracture zone (CGFZ), West Greenland (W-GRL) and East Greenland (E-GRL). Trawl
data were available from the areas west of the U.K. (U.K. West), and longline data were

available from southern part of the Reykjanes Ridge (R-ridge). Depth contours are included

for 500, 1000 and 2000 m depths.
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The depth sampled by the different surveys varied, although all surveys spanned
depths from the shelf break to at least 1500 m. The deepest sets were made in the
CGFZ at 4 300 m, and the shallowest at 400 m (Paper 1, 2, 3 and references therein).
Information on circulation and hydrography of the study area and results from
environmental studies during the MAR-ECO expedition are supplied by Sgiland et al.
(2007).
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Results and Discussion

Deepwater fish distribution and assemblage structure studied by longlines:

As part of the 2004 MAR-ECO expedition to the mid-Atlantic Ridge the M/S Loran
deployed longlines and caught a total of 8518 fish, representing at least 40 species
and 17 families. The 59 longline sets were distributed across the ridge axis at depths
ranging from 400 to 4300 m within two sub-areas i.e. just north of the Azores

archipelago and in the Charlie-Gibbs Fracture Zone. (Paper 1).

A high overall mean individual weight of 2.4 kg was recorded. This differed
markedly from the mean individual weight of 160 g recorded in the catches from the
bottom trawl onboard R/V G. O. Sars in the same area (Bergstad et al., 2007; Paper
1). The catches of essentially only large fish were dominated by scavenging sharks
and some teleosts known to be frequent visitors at baited photographic landers (King
et al., 2006). Despite the efforts put into longlining, we recorded fewer species (40)
than the 70 recorded from bottom trawl catches (Bergstad et al., 2007; Paper 1). Still
longlines caught about twice the number of taxa than that recorded by the baited
landers used in the same areas (King et al., 2006). The total of about 40 fish species
recorded is a small subset of the 338 demersal deepwater fishes of the North Atlantic
listed by Haedrich & Merrett (1988). However, only a part of the entire depth range
and geographical area reported on in that paper was sampled in our study, with highly

selective gears.

The expansion of depth ranges observed among several species and the rather
surprising observations of substantial frequencies of species previously considered
rare (Paper 1) show that exploration of the mid-ocean habitats and fauna remains
incomplete. The number of new deepwater fish species described each year imply
that we can expect the number of species to increase (Merrett & Haedrich, 1997).
Considering the vastness of the deep ocean habitat and our slow exploration rate, it is
likely to be many years until the description of the deepwater fish species is

completed.
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Due to the uncertain selective properties of fishing gears there are often difficulties
involved in using for instance catch per unit effort data for assessment purposes
(Merrett et al., 1991a; Gunderson, 1993; Maunder et al., 2006). In shallow well
studied areas we seem to have a good understanding of the dynamics of the fish
assemblages based on large amounts of data retrieved from different fishing gears
targeting different parts of the assemblages. The limited amount of data available
from deepwater areas is based on a few gears only and our concept of the
assemblages might therefore be biased as a true description of the species relative
abundance is difficult to obtain (Gunderson, 1993; Fernd & Olsen, 1994; Merrett &
Haedrich, 1997; Gordon, 2005; Maunder et al., 2006). As a none-selective sampling
gear is unlikely to be found in the near future an alternative could be a more active
combination of results from several gears. Some plans exist for the MAR-ECO data
and it will be interesting to see if additional information might be revealed through
such efforts. Resolving the methodical difficulties related to sampling are essential
for reaching a complete understanding of the ridge associated fish assemblages
(Merrett et al., 1991a; Gordon, 2005; Maunder et al., 2006; Paper 1, 2).

Estimates of abundance from scientific surveys are often used as indexes in
assessments of single species. Multi species management systems will need more
detailed information about the assemblages through between species interactions, e.g.
predator-pray relationships, species composition, and life history parameters (Rice,
2005; Frid et al., 2006; Maunder et al., 2006). This approach seems to be particularly
useful for the deepwater fish assemblages, as catches often consist of a high number
of species with marked differences in vulnerability (Haedrich, 1997; Gordon, 2005).
Obtaining the needed detailed knowledge regarding the deepwater assemblages will
depend on the increased availability of especially fishery independent data due to our
lack of adequate knowledge of the species present (Merrett & Haedrich, 1997; Clark,
2001; Haedrich et al., 2001; Rice, 2005; Shotton, 2005; Paper 1, 2, 3).

Overall, chondrichthyans dominated the longline catches on the MAR and

contributed nearly 60% in terms of both weight and numbers (Paper 1). The
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dominance of chondrichthyans differs from studies using trawls or baited
photographic landers on the mid-Atlantic Ridge (King et al., 2006; Bergstad et al.,
2007) and on adjacent continental slopes (Haedrich & Krefft, 1978; Gordon &
Bergstad, 1992; Moranta et al., 1998; Musick et al., 1996). This apparent gear bias is
not surprising as most adult sharks are likely to be capable of avoiding capture by an
approaching trawl net (Clarke et al., 2005). Most sharks have extraordinary olfactory
senses and can be attracted from great distances to the odour of the bait and perhaps
also the sound of struggling teleosts hooked on the longline. There is an unexplained
difference between the results from the baited photographic landers (King et al.,
2006) and those from longlines. Landers attracted mostly teleosts, while longlines

caught more sharks.

Female Etmopterus princeps, the overall dominating species in longline catches along the MAR.

Of all the species encountered, approximately equal proportions were found
exclusively in the Azorean (NAA) sub-area and exclusively in the Charlie Gibbs
(CGFZ) sub-area, or in both sub-areas. In the NAA several squaliform species
(Etmopterus princeps primarily) dominated the shallower stations (Paper 1).
Similarly in the CGFZ, E. princeps and Hydrolagus affinis dominated along with
several teleost species, such as Brosme brosme, A. rostrata and Macrourus berglax.
Differences between sub-areas were not as pronounced at greater depths where bony

fishes dominated the catches in both sub-areas together with E. princeps (Paper 1).
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As Hareide and Garnes (2001) suggested there appears to be a faunal change
probably associated with the Sub-polar Front located just south of the Charlie-Gibbs
Fracture Zone at between 48° and 52° N (King et al., 2006; Sgiland et al., 2007;
Bergstad et al., 2007; Paper 1, 2).

The overall catch rate decreased with increasing depth (Paper 1) reflecting the
reduction in biomass and quality of food with increased distance from the productive
surface layer (Gordon et al., 1995; Merrett & Haedrich, 1997; Gordon, 2005). This
pattern has previously been reported on by other studies covering similar depths on
adjacent continental slopes using trawls (Gordon & Bergstad, 1992; Haedrich &
Merrett, 1992; Musick et al., 1996). No differences in catch rates were found between
the two sub-areas, although some especially high catch rates were observed among

vertical longline sets on either side of the CGFZ (Paper 1).

The structure of fish assemblages often seems to be related to changes in physical
factors such as depth and temperature (Gordon et al., 1995; Merrett & Haedrich,
1997; Pakhomov et al., 2006; Paper 1). Marked changes in the vertical structuring
might be related to distinct changes in environmental properties e.g. as found along
the coast of Norway between the warm Atlantic and the cold Arctic water (Bergstad
et al., 1999). The findings of increased diversity and biomass of demersal species in
depths between 800-1000 m, on both continental slopes and seamounts seem to be
caused by interactions between the vertically migrating prey organisms and the slope
dwelling species increasing the amount of food available (Gordon & Duncan, 1985b;
Merrett & Haedrich, 1997; Gordon, 2005).

Multivariate analyses (MDS) of the longline catches from the MAR showed that the
main faunal change occurs with changes in depth, and that latitudinal differences are
less pronounced. Changes in catch composition occurred gradual with changes in
depth, reflecting species-specific distribution patterns (Paper 1). No evidence could
be found to suggest the existence of any abrupt faunal changes or distinct zonation.
The latitudinal pattern appears to be substantially stronger at summit and upper slope

depths (400-1500 m), than on deeper slopes (>1500 m). The results seem therefore to
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reflect the different species’ tolerance and adaptation for different depth and
temperature related factors (Paper 1). These findings were similar to those observed
by bottom trawls (Bergstad et al., 2007) and photographic landers (King et al., 2006)
during the same expedition, suggesting the influence of rather strong structural
factors affecting the assemblages (Haedrich & Krefft, 1978; Merrett et al., 1991a;
Jacob et al., 1998; Moranta et al., 1998; Williams et al., 2001).

The size structures of both assemblages and species allow a better understanding of
the assemblages function (Merrett & Haedrich, 1997; Rogers & Ellis, 2000; Jennings
& Dulvy, 2005). A significant difference in mean individual fish weight was found
between sub-areas, where specimens caught in the NAA were on average larger than
in the CGFZ. The pattern was mainly caused by relatively large chondrichthyans
caught in the shallower stations, together with the large cusk eel, Spectrunculus sp. A,
which dominated the deepest stations in the NAA sub-area (Paper 1). Such patterns
might indicate a more fundamental sub-area difference in production and biomass
(Merrett, 1987; Haedrich & Merrett, 1992; Merrett & Haedrich, 1997), although the

data available did not allow a detailed investigation.

The general pattern of no change in individual fish weight with increasing depth was
also apparent for individual species (Paper 1). Only four of the eleven investigated
species showed a significant change or trend in mean individual fish weight with
increasing depth. Of these, only C. armatus showed an increase, as previously
described by King et al. (2006). Conversely, A. rostrata and H. affinis showed a
decrease in mean individual weight with increasing depth (Paper 1). For A. rostrata
the more general pattern is a “smaller-shallower” pattern (Paper 2). Around
Greenland and west of the British Isles small juveniles only occur substantially
shallower than the summit depths of the mid-Atlantic Ridge (Paper 2, 3). For M.
berglax mean weight was higher at depths between 1000-1500 m, compared to both
the shallower and deeper strata (Paper 1). A similar pattern has previously been
described for M. berglax near Greenland (Fossen et al., 2003). Our results do not

support the general “bigger-deeper” trend often reported in the literature as such.
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Still, for a number of deepwater demersal fish species, juveniles tend to live at
shallower depths than adults (Merrett et al., 1991b; Paper 2). It has also been
suggested that a “bigger-deeper” trend may be a sampling artefact specific to trawl
gear (Merrett et al., 1991b; Gordon and Bergstad, 1992).

Spectrunculus sp. A (grandis), among the dominating teleosts on the deeper stations.

Antimora rostrata distribution:

Along the MAR A. rostrata contributed a substantial proportion of the total catch on
both longlines and in trawls. This is especially the case for deeper stations (King et
al., 2006; Bergstad et al., 2007; Paper 1, 2). Our findings agree with several other
studies and confirm that A. rostrata ranks among the dominating larger species within
its main depth range, 1000 to 3000 m (Fitch & Lavenberg, 1968; lwamoto, 1975;
Wenner & Musick, 1977; Haedrich & Krefft, 1978; Haedrich et al., 1980; Gordon &
Duncan, 1985a; Merrett et al., 1991a; Kulka et al., 2003).

This and previous studies indicate a continuous distribution of A. rostrata along the
east coast of North America, from Florida in the south to the Davis Strait in the north,
and south along and around the coast of Greenland to the Denmark Strait (Kulka et
al., 2003) and further to Iceland and southwards along the MAR to the Azores (Paper

2). On the European slope the species is common southwards to the Bay of Biscay
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and there are single records from the slope off northern Morocco (Cohen, 1986;
Haedrich and Merrett, 1988).

A. rostrata was found shallower when moving northwards within any sub-area (Paper
2). The data corroborate previous studies that there is a cline from north towards the
south in the upper depth range for the species (Wenner & Musick, 1977; Kulka et al.,
2003). This could represent a classical submergence related to the surface layers
becoming gradually warmer from north towards the south along the species’
latitudinal range. Abundance peaked between 1200 and 2700 m and the highest catch
rates were recorded at around 2000 m depth in the CGFZ sub-area (Paper 2), which
agrees well with previous indications from other areas (Wenner & Musick (1977)
1500-2500 m; Gordon & Duncan (1985b) 1750-2200 m).

The depth distribution from the CGFZ and the NAA sub-areas suggests that the full
depth range of A. rostrata was sampled (Paper 2). In both sub-areas abundance was
higher in the middle of the depth range and gradually lower closer towards its depth
limits. The observation made at the MAR at 3059 m seems to be the deepest
published record of this species (Wenner & Musick, 1977, at 2930 m; Gordon &
Duncan, 1985a, at 2880 m; lwamoto, 1975, at 2904 m).

Considerable variation in size distribution of A. rostrata was found both between
gears, areas and depths (Paper 2, 3). Longline catches tended to catch larger
specimens than trawls. Small specimens (< 20 cm) were only recorded from catches
off Greenland and the British Isles (Paper 2, 3). Larger specimens occurred more
frequently in depths exceeding 1000 m (Paper 2). This may account for the increasing
predominance of females with increasing depth, although there are indications that
suggest this pattern to be related to a higher mortality rate maybe combined with a
slower growth rate among males (Paper 2, 3). Similar separation by depth was found
in previous studies elsewhere (Wenner & Musick, 1977; Gordon & Duncan, 1985a;
Kulka et al., 2003).
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Image of a prepared slice of an A. rostrata otolith.

Antimora rostrata, age determination and biology:

Otolith growth seems generally to contain more information about age than the often
used fish length measure (Bohelert, 1985; Campana, 2001; Paper 3). Assessing the
state of formation of the marginal otolith increment suggested a synchronous and
possibly annual deposition frequency of material to otoliths within the A. rostrata
population (Paper 2). Combined with a steady distance between subsequent modes
within distributions of otolith weight, identical to what was expected by the estimated
relationship between otolith weight and age interpreted from zoning pattern, a rather
distinct periodical pattern appeared (Paper 2, 3). The distance between modes was
consistent over time and between areas implying the influence of a strong cyclical
and possibly annual event. The forming of a hyaline margin in July coincides with
previous experiences with macrourids at these depths (Swan & Gordon, 2001; Paper
2) and thereby adding confidence both to the interpretations and the possibility for an

annual pattern to be found.

Based on previous experiences from other species the most likely explanation of a
periodic zonation pattern is annual fluctuations in biotic and or abiotic parameters
(Pannella, 1980; Campana & Neilson, 1985; Wilson, 1988; Gauldie & Nelson, 1990;
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Gauldie et al., 1991; Bergstad, 1995; Haedrich, 1997). Within the deep-sea the
seasonal variation in light and temperature is negligible (Angel, 1997). Still where
information regarding recruitment and growth exists an annual pattern is found
(Haedrich, 1997; Swan & Gordon, 2001; Gordon, 2003). In the deep an annual
pattern might be caused by other cyclic stimuli affecting the species availability or
quality of food, e.g. sedimentation pulses of primary production or annual cycles in
distribution patterns of mesopelagic prey species, or annual variation in the species
own distribution patterns, and maturity processes. The information presented on age
and growth depends on the assumption that the zones found in otoliths were indeed
annuli and that modes found in frequency distributions represented subsequent year
classes. As a thorough validation is lacking and the estimates of individual age are
expected to be somehow biased (Beamish and McFarlane, 2000; Paper 2, 3), the

results should be treated with caution.

Most of the specimens were assigned ages between 7 and 14 years old, but ages from
1 to 25 years were determined (Paper 2). A. rostrata is therefore suggested to have an
intermediate longevity compared with other co-occurring deepwater fishes that have
been sufficiently studied (Haedrich, 1997; Merrett & Haedrich, 1997; and references
therein). Female A. rostrata grow both bigger and probably older than males (Paper
2, 3). Sexual dimorphism is found in many fish species and is assumed to be
connected to reproductive strategies. Generally, larger females have a higher relative
fecundity than small ones while size might be of less importance to males (Roff,
1983; Roff, 1984; Stearns & Crandall, 1984). This could explain the between sex
differences, related both to mortality and growth (Paper 2, 3; se also Wenner &
Musick, 1977).

The agreement between age determined from zonation patterns and the analyses of
frequency distributions indicates that the latter method might be an alternative to
conventional age determination (Paper 3). The use of frequency distributions might
allow a direct age determination of the populations rather than going through the time

consuming and not necessarily successful process of ageing individual specimens
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(Francis and Campana, 2004). Investigations of the possible use of otolith weight
distributions for ageing fish have previously been carried out on other species
(Boehlert, 1985; Pawson, 1990; Worthington et al., 1995b; Araya et al., 2000;
Cardinale et al., 2000; Francis and Campana, 2004; Pino et al., 2004). This method is
particularly relevant for situations where zone interpretation is difficult, time
consuming, and or can result in biased age distributions (Campana and Neilson,
1985; Beamish and McFarlane, 2000; Cardinale et al., 2000; Campana, 2001; Francis
and Campana, 2004). In addition it represents an important step towards more
automatic and objective age determination (Boehlert, 1985; Pawson, 1990;
Worthington et al., 1995a, 1995b; Cardinale et al., 2000; Pino et al., 2004).

Weighing otoliths for analysis of frequency distributions is less time consuming than
conventional age reading and therefore it is possible to both increase sample size and
reduce costs (Worthington et al., 1995b; Cardinale et al., 2000; Dougall, 2004).
Whether or not it will lead to a marked increase in precision and accuracy will vary
from species to species. However, such methods might be applicable to a number of
fish stocks (Worthington et al., 1995a; Araya et al., 2000; Francis and Campana,
2004; Pino et al., 2004; Paper 3).

Perspectives and concluding remarks:

Since the 1950s global catches of deepwater species have increased gradually
(Garibaldi & Limongelli, 2002). A number of species and populations have been
utilized as the fisheries have gradually moved towards deeper waters with more
efficient fishing gear, often resulting in the depletion of local populations within few
years (Gordon, 2005; Large & Bergstad, 2005; Morato et al., 2006). Based on
previous experiences we should however expect that deepwater species and
populations, not previously targeted by fisheries, will be utilized in the future when
such fisheries become technologically and economically feasible (Gordon et al.,
2003; Shotton, 2005; Morato et al., 2006).
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Previously, deepwater fisheries often developed out of phase with science and
management. As knowledge still needs to be gained, numerous actions have been
taken to allow better management of deepwater populations and assemblages in all
oceans (Shotton, 2005). The need for reliable biological knowledge of deepwater
species is expected to grow with an increased focus on the management of these
resources, and will probably be more in line with what we see in the shelf areas today
(Large et al., 2003; Gordon, 2005; Large & Bergstad, 2005; ICES, 2006a).

The longline catches from the MAR deviated markedly from the trawl catches
resulting in catches of a high number of specimens from species previously
considered scarce (Paper 1). Longlines obtained new information regarding
deepwater assemblages, which highlights the usefulness of gaining information from
several fishing gears to reach a better understanding of these assemblages. Thus, the
results from this study should be taken into consideration during planning of coming
deepwater surveys which seek to describe demersal fish assemblages (see also
Gordon, 2005).

Information from the longline survey on the MAR included catch rates, species
composition, and biological measurements (Paper 1, 2). The information probably
reflects a near pristine situation for most of the species caught. Relatively high catch
rates found at depths down to 2000 m underline the special nature of the ridge
associated assemblages otherwise found to be structured by factors connected to
depth and to a less degree latitude (Paper 1). This strict distribution by depth for
demersal species might be used by management as a mean for effort control in the
future. This approach becomes increasingly more relevant with detailed information
available through GPS tracking of vessels and better bathymetric maps (Large et al.,
2003; Gordon, 2005).

An optimal utilization of fish stocks and assemblages might be reached through
knowledge regarding stock size, distribution, key biological parameters, and species
interaction within the assemblages (Gulland, 1983; Wootton, 1990; Large &
Bergstad, 2005; Rice, 2005; Frid et al., 2006). The functional requirements for
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management of deepwater species are as such identical with those of exploited
shallower living species. The expected pattern of higher diversity in deepwater
catches (Musick et al., 1996; Haedrich, 1997; Paper 1) and the increased vulnerability
among these species further stresses the need for detailed biological knowledge
(Merrett & Haedrich, 1997; Haedrich et al., 2001; Gordon, 2005; Large & Bergstad,
2005; Frid et al., 2006; Morato et al., 2006).

A. rostrata were found in high numbers over a wide geographic area and depth
interval, suggesting the species to have a central role in the function of these fish
assemblages (Paper 1, 2). Still, more work is needed to validate the age determination
and thereby also the suggested life history traits (Beamish & McFarlane, 1983).
Reaching identical growth trajectories for the different ageing methods suggest the
existence of a strong cyclic pattern encouraging further studies (Paper 2, 3). A
description of the deepwater demersal fish assemblages together with the information
gathered on the general distribution and life history for one of the dominating species
found suggests that this study has contributed to the better understanding of the
deepwater environment and its inhabitants. As such, this study might also contribute

to the sustainable management of the marine resources in the future (Paper 1, 2, 3).
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